The purpose of this study was to evaluate the efficacy and safety in placement of Hickman catheters via the supraclavicular route without fluoroscopic guidance. We studied 81 consecutive percutaneous placements of dual lumen Hickman catheters via the supraclavicular route without the use of fluoroscopic guidance. Success rates, technical problems, complications, infections and reasons for explantation were recorded prospectively. Seventy-nine punctures were successful (97.5%). One pneumothorax (1.2%) and three accidental arterial punctures (3.7%) occurred. Difficulties in introducing the catheter through the peel away sheath or misplacement were not observed. The catheters remained in place for a total of 7657 days (mean 94.5, range 3-392 days). Sixteen blood cultures were positive (2.1/1000 catheter days). Five catheters (6.1%) were lost because of mechanical complications. Forty-two lines (52%) were removed electively, 23 (28.4%) because of suspected infection, and two (2.5%) because of tunnel infection. Nine patients died with a functioning catheter. We conclude that the supraclavicular approach to the subclavian vein is safe and efficient for introduction of Hickman catheters. Using this access, routine fluoroscopic or sonographic guidance is not required for proper placement. Implantation of the lines in an intensive care unit did not lead to higher infection rates than those reported in the literature.
number of problems occur during placement of permanent catheters from the infraclavicular site: failure to pass the gap between the first rib and the clavicle, kinking of the guide wire and the introducer sheath and misplacement of the line into adjacent vessels such as the contralateral subclavian vein or both internal jugular veins. [6] [7] [8] [9] [10] For these reasons implantation is usually performed under fluoroscopic guidance in the operation theatre or angiogram suite, 5, 6 which is expensive and causes exposure of the patient to radiation and potential nephrotoxic contrast media. Secondary migration, compression (the pinch off sign) and fragmentation of the catheter are other adverse events related to the infraclavicular approach. 6, 11, 12 The obvious disadvantages of the infraclavicular route prompted us to evaluate a 'new' approach for placement of Hickman catheters in patients scheduled for BMT. Supported by our previous experience, 9,13,14 our hypothesis was that routine fluoroscopic guidance could be avoided by using the supraclavicular access. Additionally both the high success and low complication rates, [13] [14] [15] [16] [17] as well as the coaxial lie of the catheter (Figure 1 ) in the vessel encour- aged us to perform this prospective study to evaluate the supraclavicular approach for placement of Hickman catheters without fluoroscopic or sonographic guidance.
Patients and methods
Between August 1994 and October 1996, 80 patients were enrolled in the study. The following data were recorded: age, sex, underlying disease, type of BMT, side of puncture, failures and alternative puncture sites, immediate complications (arterial puncture, pneumothorax, nerve injury, malposition), technical problems during placement, microbiological findings, reasons for explantation, postoperative mechanical complications such as fragmentation, secondary migration or clinical signs of thrombosis of the subclavian vein or the superior vena cava.
Implantation procedure
After disinfection with alcoholic solution and sterile draping, the patient's head is turned away from the side of puncture and the sternoclavicular angle is identified. In obese persons the identification of the correct puncture site is made easier by raising the head, thereby tensing the muscle. Local anesthesia is given by injecting 2-5 ml of 2% Lidocaine (Xylocain, Astra, Linz, Austria). The needle is introduced into the angle and advanced caudally while aspirating, at an angle of 30-40°to the sagittal plane and 10-15°f orwards of the coronal plane. If the required 15°posterior-anterior direction relative to the coronal plane is observed, only fascial tissues are traversed and the needle is advanced away from the structures situated posteriorly (subclavian artery, cervical pleura). In obese people the needle should be introduced 1-2 cm behind the clavicle in order to avoid an anterior-posterior puncture direction. Because of the different anatomic position of the vessels the angle relative to the sagittal plane should be greater (up to 50°in very thin patients) if puncture is performed from the right side compared to puncture from the left side (see Ref. 15) . Puncture of the vessel is verified by aspiration of venous blood at a depth of 2-6 cm and a guide wire introduced. Then two 0.5-1 cm incisions are made, one at the puncture site and another on the ipsilateral anterior chest wall. From the exit site incision, a tunneler with the catheter attached to its back is drawn to the venous entry incision by blunt dissection of the subcutaneous track. After tunnelling the catheter is trimmed to an adequate length (using the fourth intercostal space as an estimate of the projection of the upper third of the right atrium) and introduced by a peel away sheath. After flushing, 2 ml saline with 500 units heparin/ml is injected into each lumen. The incisions are closed by suture or Steri-Strips (Steri-Strip 3M, St Paul, MN, USA) and chest radiography is performed to confirm the correct position and detect possible complications. During the intervention patients were monitored with electrocardiography, pulse oximetry and automatic noninvasive blood pressure measuring at 5-min intervals. All the procedures were performed by internists in a separate suite at the acute dialysis and intensive care ward of the Department of Nephrology at the University Hospital of Vienna, without the use of sonographic or fluoroscopic guidance. Sedation was given only at the request of the patient. Routine perioperative antibiotic prophylaxis was not administered.
Catheter care
During hospitalization, the catheter dressing was changed daily and the exit site was inspected by a competent nurse. Each lumen not in use was flushed with 10 ml saline followed by 2 ml heparinized saline (500 units/ml). After discharge the dressing was changed twice a week by the patient, who had been carefully instructed in sterile handling of the line. Flushing and heparinization was performed after every use or routinely once a month.
Microbiological monitoring
Initial concerns about sterility in an intensive care ward led to close microbiological monitoring. Swabs at the exit site and blood cultures drawn from the catheter were routinely performed three times a week during aplasia (less than 500 granulocytes/l), and thereafter weekly, and after discharge once a month. In febrile patients (Ͼ38°C) at least three additional blood cultures were taken.
Criteria for catheter removal
There were no uniform criteria for catheter removal, each case being judged by the risks and benefits of retaining the line.
Results
Between August 1994 and October 1996, 78 dual lumen Hickman catheters (Bard, Access Systems, Salt Lake City, UT, USA) and three double lumen permanent hemodialysis catheters (Vascath 13 F, Mississauga, Ontario, Canada) were implanted in 80 patients (35 females, 45 males; mean age 37.4 years; range 17-55 years). The underlying diseases and the types of BMT performed are listed in Tables  1 and 2 . a Two patients were not transplanted because of rapid deterioration. In one patient a second catheter was implanted 6 months after BMT for treatment of graft-versus-host disease.
Success rates and complications associated with vessel puncture
Eighty-one punctures using supraclavicular access were attempted; 49 (60.5%) from the right side and 32 (39.5%) from the left side. In two patients puncture of the vessel (2.5%) failed (one from the right side, the other from the left side). In both patients the catheter was placed via an alternative puncture site (the ipsilateral internal jugular vein and the ipsilateral subclavian vein, respectively). One pneumothorax (1.2%) was diagnosed after puncture from the left side. There were three accidental arterial punctures (3.7%), two from the left side and one from the right side, without the formation of clinically relevant hematomas. No complications required further intervention.
Complications not associated with vessel puncture
Difficulties in introducing the catheter secondary to kinking of the guide wire or the peel away sheath were not observed. Although all the operations were performed without fluoroscopic guidance, neither malposition into the internal jugular vein nor into the contralateral subclavian vein occurred. By using the fourth intercostal space as an estimate of the projection of the upper third of the right atrium, correct position of the line was achieved in 100% of cases. Secondary migration into the ipsilateral internal jugular vein 9 days after implantation was documented in one case (1.2%). 18 Neither catheter fragmentation nor clinical signs of thrombosis of the subclavian vein or the superior vena cava were observed during the study period.
Microbiological findings
A total of 16 positive blood cultures were recorded, 11 in the early phase of BMT (within 35 days after implantation) and five after completion of BMT. The overall incidence of proven bacteriemia was 2.1 per 1000 catheter days; if only the first 35 days after implantation were considered the incidence was 3.9 per 1000 catheter days. The microbiological findings are listed in Table 3 .
Fifteen exit site swabs were positive for Staphylococcus epidermidis. Two of these catheters were removed because of clinical signs of exit point infection, another because of simultaneous positive blood culture with Staphylococcus epidermidis. 
Catheter survival
The mean catheter survival was 94.5 days (median 84, range 3-392 days). Three catheters (3.7%) were lost because of inadvertent dislocation, one line (1.2%) had to be removed because of secondary migration into the ipsilateral internal jugular vein, another because of catheter occlusion (1.2%). Forty-two lines (52%) were removed electively, 23 (28.4%) because of suspected infection, and two (2.5%) because of tunnel infection. Nine patients (11%) died with the catheter in situ. Fourteen catheters (17.3%) were lost within 35 days of implantation. The reasons for early catheter loss are listed in Table 4 .
Discussion
This series supports our previous experience with the supraclavicular approach for placement of temporary or permanent central venous lines. The high success rate (97.5%) and low incidence of complications compares favorably with the results of the subclavian or the internal jugular approach reported in the literature. 7, 8 From the infraclavicular approach the narrow gap between the first rib and the clavicle has to be passed, which can cause kinking of the guide wire and compression of the peel away sheath, and lead to difficulties in feeding the catheter in about 10-15% of cannulations. 5, 6, 13 Repeated punctures of the vessel from different angles may be neces- Table 4 Reasons for early catheter loss 35 days or less after implantation 6  Tunnel infection  2  Dislocation  3  Secondary migration  1  Thrombosis  1  Death  1   Total  14 sary, causing prolonged intervention time and patient discomfort. In contrast, use of the supraclavicular technique avoids kinking of the introducer sheath since the puncture channel and the subclavian vein are located in approximately the same coronal plane behind the clavicle. Indeed, once the guide wire was in place, feeding of the catheter was possible without any problems in all supraclavicular punctures. Misplacement into adjacent vessels, reported to occur in up to 6% of infraclavicular cannulations, [7] [8] [9] [10] was not observed in our study although fluoroscopy was not used in any procedure. This is obviously due to the straight path of the catheter to the right atrium, even if the puncture is performed from the left side (Figure 1 ). The incidence of secondary migration may be as high as 7% for soft silicone rubber lines introduced by the infraclavicular approach. 6, 10 We observed one secondary catheter migration (1.2%), the first case in our 4 years experience with the supraclavicular approach (more than 1000 catheters). We are convinced that both the coaxial lie of the line in the vessel and our policy to position the catheter tip into the upper third of the right atrium, are responsible for this extremely low incidence of secondary migration. Fragmentation and embolization of a catheter tip is another serious complication associated with the infraclavicular route, 11, 12 which did not occur in this study nor in our previous experience with the supraclavicular access.
Reason n

Suspected infection
Initial concerns about sterility in the setting of an intensive care unit led to close microbiological monitoring. The overall incidence of positive blood cultures of 2.1 per 1000 catheter days compares favorably with the literature. 5, 6, [19] [20] [21] In total 30.9% of the lines were removed because of suspected or proven catheter-related infection.
Analysis for the first 35 days after implantation showed that 85% of the lines were in place for a time sufficient to complete treatment and ensure engraftment. Within 5 weeks after insertion only 9.9% of the lines were removed because of suspected infection and 4.9% were lost because of mechanical complications. These data correspond to those reported in the literature. 5, 6, [19] [20] [21] Thus, a higher risk for infection of catheters implanted by our method is unlikely.
In summary, our results show that routine fluoroscopic or sonographic guidance is not required for proper placement of Hickman catheters if the supraclavicular route is used. Supraclavicular access is at least as safe and efficient as the classical infraclavicular approach. The implantation of Hickman catheters in the setting of an intensive care unit is not associated with higher infection rates than those reported for lines inserted in the operating theater or angiogram suite. Our method minimizes technical expenditure and can help to save considerable costs.
